The efficiency increasing of railway transport functioning is a main factor in the economic growth of the national economy. Material reserves are the main factor that defines the strategy of the enterprise and influences on the economic optimization level of logistic connections in general. Waste on deficiency and expense of storing the taken out from the main turnover material reserves redouble the economic situation. In this research the sources of the arising an uncertainty by taking a decision about economic optimization of logistic connections and working out methods of need determination in conditions of a certain uncertainty that will be led to improvement of the economic effectiveness of activity are determined. The best methods that may be used for this purpose are analysis of temporary series, multiple regression and correlation analysis, pattern recognition. The paper presents the results of research that allow, based on the built neuro-fuzzy model, to evaluate the dependence of macroeconomic indicators of the national economy of Ukraine on the indicators characterizing its economic situation in order to improve the control efficiency of logistics systems. The built neuro-fuzzy model, unlike existing models, allows reproducing the complex nonlinear dependences.
Introduction
The economic situation of the state, its development and stability to effectively integrate into the world economic community depends on its resource potential and its effective use. The resource potential includes natural environment, raw materials, quantity and quality of manpower, intelligent and industrial potential created at the time of economic state assessing, as well as availability of infrastructure for its development.
The paper presents the results of research that allow, based on the built neuro-fuzzy model, to evaluate the dependence of macroeconomic indicators of the national economy of Ukraine on the indicators characterizing its economic situation in order to improve the control efficiency of logistics systems. The built neuro-fuzzy model, unlike existing models, allows reproducing the complex nonlinear dependences.
Development of mechanism for monitoring economic situation and development prosepcts of the country based on modelling of macroeconomic processes using intelligent technologies
The efficiency increasing of railway transport functioning is a main factor in the economic growth of the national economy. Material reserves are the main factor that defines the strategy of the enterprise and influences on the economic optimization level of logistic connections in general. Waste on deficiency and expense of storing the taken out from the main turnover material reserves redouble the economic situation. In this research the sources of the arising an uncertainty by taking a decision about economic optimization of logistic connections and working out methods of need determination in conditions of a certain uncertainty that will be led to improvement of the economic effectiveness of activity are determined. The best methods that may be used for this purpose are analysis of temporary series, multiple regression and correlation analysis, pattern recognition.
In international practice, there are several approaches to determining the socio-economic condition of the state and the prospects for its positive development. However, numerous theoretical studies do not provide a complete picture of the state development; while determining its prospects, they use, as a rule, the production functions such as [1] : ( )
where L -state labour potential; A -productive assets owned by the state. Indicators of a number of studies have different focus (economic, technical, technological, social, etc.), which complicates the task of determining the development vector. That is why the purpose of this work is to develop a mechanism for monitoring the economic situation and development prospects based on modelling of mac-roeconomic processes using intelligent technologies. At present the existing approaches to determine the state of the country include the following ones. The position of each of the states that make up the International Monetary Fund (IMF) is assessed by the indicator system that includes more than 20 indicators of economic, environmental and social conditions [2] . Herewith the indicators are grouped according to such classification features as poverty and social sphere state (population, GNI per capita, poverty, urban population, life expectancy, infant mortality, child malnutrition, access to improved water, illiteracy, general primary education), level of key economic indicators (exports of goods and services, gross domestic investment, gross national savings, current account balance, interest payments, total debt, total debt service), long-term development trends (GNI growth rate per capita), economy structure (agriculture, industry, production, services, private consumption, state consumption, imports of goods and services), level of prices and public finances (consumer price, GDP deflator level, current revenues, current budget balance, total surplus/deficit), trade conditions (total exports, total imports, food, fuel, ore and metals, production), external payments position (balance of resources, net income, net operating transfers, financial instruments, changes in net reserves, reserves, exchange rate), foreign debt level (total debt to maturity, long-term external debt, shortterm debt, total debt to maturity on the World Bank loans, total debt to maturity on the International Development Association loans, total debt service, official grants, private lenders, foreign direct investment, portfolio property, transactions, payments to maturity, principal debt repayment, net flows, interest payments, net transfers). Since the level of indicators listed above by country has a great difference, the IMF proposed a classification of countries. Namely, with the analytical purpose the IMF divides countries by groups of income, i.e. by gross national income per capita into the following groups: low-income countries (GNI per capita of less than 745 dollars), the countries with income below average (746 -2975 dollars), countries with incomes above the average (2976 -9205 dollars) and those with high income (9206 dollars or higher).
The study of interrelation between the growth rate of GDP per person and its level ( Fig. 1 ) confirms the need for country division into income groups prior to analysing other indicators, such as economic growth. The relationship between the growth of GDP per capita and the level of GDP is confirmed by sufficiently high coefficient of multiple correlation R 2 (0.5278) [3] . Dependence is characterized by the following equation:
where GDP Δ -growth rate of GDP per capita (%);
x -GDP per capita ($ / person).
That is, the higher the level of GDP per capita, the lower the growth rate. It follows that, to assess certain result, the growth performance analysis should be conducted within each classification group. Furthermore IMF classifies countries by region (geographic location) and by level of foreign debt.
Classification of countries in terms of foreign debt involves the grouping of countries with low, average, moderate and high level of debt.
Herewith the average level of debt means that the ratio of the present value of debt to gross national income exceeds 80% or the ratio of the present value of debt to exports exceeds 220% [1] . This classification is proposed by UNO within Development Program [4] . According to this program such tasks include the following: elimination of poverty and famine; provision of basic primary education; stimulation of gender equality; reducing child mortality; improvement of maternal health; control of AIDS, malaria and other diseases; maintenance of ecological balance; global partnership for development; achieved common indicators (population, GNI, GNI per capita, literacy, final birth rate, life expectancy, aid, reducing foreign debt, increasing investment and trade in % to GDP). One of the most influential international financial organizations is Multilateral Investment Guarantee Agency (MIGA), which insures foreign investment (direct and portfolio) and ensures their return in the event of insolvency of the country-borrower in the amount of 90% of the investment, giving such guarantees for 15-20 years [4] . Activities of the above Agency are associated with the risk of a particular country. In this context, Multilateral Investment Guarantee Agency analyses the country in terms of these commitments, determining the commercial, political and economic risks in each country, and guarantees the return of foreign investment [5] . Classification of factors that characterize the state of the country in terms of investment risk is presented in Fig. 2 . Herewith the Multilateral Investment Guarantee Agency divides all countries in terms of political risk into seven groups (risk increases from the first to the seventh group), level of commercial risk -into three groups (A, B and C, where the most risky countries are those of group C), risk of war, expropriation and government action -into seven groups (the seventh one has the highest risk).
The process of creation of the European Union demanded determining the development indicators, which control an objective identity of any country in the group of countries that may enter the union without creating imbalance in the costs of countries-participants for stabilization of the EU economy as a whole. These indicators include the inflation rate (which must not exceed by 1.5% the average inflation rate of three EU countries characterized with highest price stability); the state budget deficit (which must not exceed 3% of GDP at the ratio of public debt to GDP of no more than 60%); the level of long-term interest rates should not be higher than 2% of the average level of the index in three EU countries that have achieved the highest price stability [6] .
Continuing analysis of approaches to the assessment of country position and prospects of its development, it should be noted that, in order to monitor key growth indicators, each country develops a system of national accounts, which makes it possible to track a series of interrelated processes and phenomena in the economy (volume and structure of production, income, consumption, capital and finance formation) [7] .
Classification of economic security factors
In the current research [8] [9] [10] the economic security factors ( Figure 3 ) are divided into three groups: economic independence; economic stability and strength; ability for self-development and progress.
Fig. 3. Classification of economic security factors
The first group includes such factors as the country's ability to form its economic policies, the ability to control the national resources, the ability for state regulation of the economy and the ability to use national competitive advantages to ensure the country's equal participation in international trade.
Apparently, it is necessary to specify these factors and find the indicators that would characterize the level of these factors.
The second group of factors in contemporary studies includes those affecting the economy stability and strength. Namely, the ability of a country to ensure strength and reliability of all elements of the economic system; protection of ownership; country's guarantees for effective business activities; the ability of a country to slow down destabilizing factors.
The third group of factors included those providing self-development and progress. Namely, the opportunity and the ability to choose its own model of development; the ability to promote and protect its own national interests; the ability to modernize production, to pursue innovative and effective investment policy, to develop the intellectual and spiritual potential.
All these factors are qualitative in nature (ability, opportunity, etc.) and can be measured only using the expert method. However, indirectly the level of these fac- tors can be identified with the help of indicators that answer the question whether the goal is reached, or whether there are conditions for its achievement. Table 1 shows the indicators, which, in our opinion, can indirectly determine the state's ability to develop.
Each of the above approaches to assess the economic situation of the country is complementary and designed for specific purposes (country's solvency assessment, its reliability for investors, stability of its economy). The indicators used for the specified purpose are the result-ant, may be used as those for control of the country position and do not include factors subject to management on the level of current (operational) solutions. In other words, these are the indicators that characterize the result of average and long term development. To ensure operational control is necessary to determine the factors that affect the resulting indicators, level of influence of these factors on them and create operational tasks directed at positive current results in achieving the average and long-term goals. The state of socio-economic security is affected by the stability of the national currency, the level of balance of payments deficits, the level of internal and external debt. This, in turn, depends on the export potential of the country and the nature of exports (raw materials, products of processing industry, high technology, services). Export volumes enable the country to develop import without negative consequences for the national currency. The level of imports indicates the country's integration into the world economic community, the openness of its economy. The restraint of import growth indicates the inability of the country to develop its export potential and provide excess growth rate of exports of goods and services over their imports. Therefore, when describing the socio-economic development, it is advisable to analyse the above figures. The increased indicator of exports of goods and services as percentage of GDP indicates the innovation direction of the country's economy development, its increased competitiveness in the global market for goods and services, demand for the national currency of the country.
Analysis of economy of Ukraine conducted according to [7] shows the following. Dependency of GDP growth rates on the tax burden change (incl. and escl. subsidies) and tax revenue are characterized (with high impact coefficient: 8 , 0 2 ≥ R ) with polynomial dependencies, indicating the significant fluctuations in these indicators. The same can be said of the relationship between GDP and inflation, which can be approximated by a polynomial curve (R 2 =0,5235). The most stable character among the set dependencies is shown by GDP dependency on net capital inflow, which is characterized with the third degree polynomial dependence at R 2 =0,77. This shows that the impact of factors on these indicators of the country's economy development as a complex system is characterized by a complex nonlinear dependencies of its outputs on inputs with fuzzy statistical information. Therefore, to build and analyse the model of impact of macroeconomic factors on these indicators it is advisable to use the neurofuzzy technology [12 -14] .
As the resultant indicators, we considered the gross national income (GNI) and the gross domestic product (GDP) per capita, as these indicators are the most generalizing when determining the economic situation of the country. The factors affecting the level of GDP per capita include the following: inflation level (X1), tax burden (X2), tax revenue share in the budget revenues (X3), real interest rate on deposits (X4), exports of goods and services as percentage of GDP (X5), import of goods and services as percentage of GDP (X6).
Inflation level (X1) characterizes the rationality of many processes in the economy. However, given that, according to classical theory [11] , inflation is a manifestation of the cost crisis (increased cost of production of goods and services) or production volume crisis (production slump and the associated emergence of deficit and higher prices), the inflation indicator requires more indepth study to identify factors that led to this level.
The tax burden (X2) is an indicator that should be optimized: positive impact of this factor on output has its upper limit, whereupon the share of shadow economy increases, tax revenue to state and local budgets reduces, net capital inflows to countries decreases. Establishing the optimal level of this indicator requires a detailed study of the country's tax system.
The tax revenue share in the budget revenues (X3) on the one hand characterizes the efficiency of the tax system of the state and on the other hand -the centralization of functions assumed by the state and local budgets (public administration, defence, health and environmental protection, development of science, education, culture, state participation in programs supporting the development of certain economic sectors, subsidies to loss-making industries). The study of these processes is the subject of special researches.
An important indicator of the country's position is the real interest rate on deposits (X4). As it is known, the deposit rate is the lower margin of investment efficiency. In addition, the real deposit rate is an indicator that determines the feasibility of forming the capital as investments into the banking system and hence the availability of credit resources in the country, which is an important component of successful activity of enterprises. Study if this indicator consists of two parts: study of factors affecting inflation, and study of efficiency of the country's banking system.
Exports of goods and services (X5) describes the export potential of the country and, affecting its economic state, in turn, depends on the availability of innovative infrastructure, competitiveness of domestic enterprises, development of foreign trade, the level of its liberalization enshrined in law.
Imports of goods and services (X6) show the openness of the economy and the competition level. Indices of exports and imports are consolidated in the index of balance of goods and services, which should be positive. The study of these indicators by the structure of exports and imports, as well as certain types of similar products (e.g., metal, grains, etc.) allows ascertaining the effectiveness of export and import activities, pricing policy of the companies, deficiencies in the regulation of foreign trade.
Development of gdp dependence model in relation to the selected macroeconomic factors
At the first stage of model building we analyse the relationship between inputs (X1, X2, X3, X4, X5, X6, X7, X8) and outputs (GDP), according to available annual data of the State Statistics Committee of Ukraine, the National Bank of Ukraine, for the period 10 years [7, 15] , which are listed in Table 2 .
Let us consider the GDP dependency model in relation to the selected macroeconomic factors X1, X2, X3, X4, X5, X6, X7, X8 as the following:
We start building the explicit model (3) by forming the fuzzy productive knowledge base, which is a set of fuzzy expert linguistic rules of IF-THEN type that bind together the linguistic evaluations of input variables (X1, X2, X3, X4, X5, X6, X7, X8) and output variable of GDP. Linguistic evaluations will be obtained on the basis of statistic data set out in Table 2 .
To build the explicit model (3), we formalize the linguistic evaluations "Low", "Lower than average" and others using the membership functions. We set these functions in the following form [14] As an example, Figure 4 shows the membership functions for X1 variable. 
L -low, LA -lower than average, A -average, H -high
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Here i w is the number in the range [0, 1], which describes a subjective measure of expert's confidence with respect to the statement with the number i from the knowledge base, that is the significance of the − i th rule.
It should be noted that use of the model (4) allows reliable assessment of the impact of changes in selected indicators on GDP. And the better the initial values for b, c, w parameters are selected, the closer to the experimental data the model (3) will be.
In order to obtain the model (4) , rather close to the experimental data, one conducts its setting, i.e. selects such b, c, w parameters, which ensure minimal deviation of distance Δ between the model (theoretical ones, derived from model (4)) and the experimental data. Δ value, which is the standard deviation of the theoretical output from the experimental one, is used for model setting quality assessment.
To set the model, we used the gradient method modification in the case of undifferentiated functions, the socalled Shor's r-algorithm [12] with precision 0.001
Let us consider the impact of certain factors on the level of gross domestic product (GDP) per capita. As it is known, the inflation level (X1) causes a negative impact on GDP level. Herewith there are two ways of the negative impact of inflation on GDP. First, if during GDP calculation the inflation is not taken into account, the GDP indicator, as well as other cost indicators, increases without quality positive change in the country's economy, only due to price rise. On the other hand, high inflation is the indicator of inefficient functioning of the economy, which is manifested in relatively high cost of production of goods and services or their deficiency due to lower production volumes. The results of the analysis carried out by means of neuro-fuzzy technologies show that in Ukraine GDP per capita declines with rising inflation, which corresponds to the second of the above ways of inflation impact on GDP. Growth of export of goods and services (X5) has a positive effect on GDP per capita, as it indicates the rise in production of competitive goods and services, liberalization of foreign trade for enterprises, increased demand for the national currency in the global currency market. However, one should not be limited to the analysis of total exports. During detailed analysis of the impact of export on GDP it is necessary to examine its structure, identify the raw material and high-tech components of exports, focus on the level of services export growth. It should be noted that in Ukraine, according to the State Statistics Committee of Ukraine, as of 2005 the raw material component of export of goods makes 13.7%, 8.8% are for export of the plant products, 40.9% of exports are non-precious metals of products thereof [5] . Herewith the export of instruments and equipment is 0.4%, vehicles and road equipment 4.8% and mechanical equipment -8.3% [5] . Regarding export of services, 32% of them are transport services of pipeline transportation [5] . In view of the fact that in recent years the structure of export has not changed, the export growth does not lead to qualitative changes in GDP (Fig. 5 ).
Fig. 5. GDP dependence on inflation and exports of goods and services
Therefore, at the moment, in order to increase GDP, it is necessary to restructure the export potential of the country. Growth of import of goods and services (X6) is the objective consequence of integration processes and globalization of the world economy. If the import volumes are accompanied by GDP growth, this shows the positive effects of the country's integration into the world economic community and that export is growing more rapidly than import. According to the analysis carried out using neuro-fuzzy technology, in Ukraine when import (X6) increases, GDP per capita remains virtually unchanged, indicating a lack of effective export potential formation policy. The growth of budget deficit has also the negative impact on GDP (X8) (Fig. 6 ).
Fig. 6. GDP dependence on budget deficit and import of goods and services
The level of gross national income (GNI) per capita reflects the level of labour productivity in a country, the level of wages and income, falling to an average distribution per citizen through the existing distribution mechanisms in the country. Together with other indicators, defined as the average, it is characterized by a number of disadvantages associated with the lack of consideration of the distribution structure. However, it is generally recognized indicator that characterizes the welfare of the country as a whole. This is confirmed by comparative analysis of the socio-economic condition of the countries according to the World Bank data [2].
Gross national income per capita first of all is affected by the development of entrepreneurship in the country, which is directly related to tax burden (X2), real interest rate on deposits (X4) and direct investment in Ukraine (X7). The positive impact of foreign investments on GNI depends not only and not so much on their volumes, but on the effectiveness of their use. Therefore, Fig. 7 shows in these days a decline in efficiency of foreign investment coming into the country and not accompanied by the latest technology in the manufacturing sector. Fig. 7 . GNI dependence on tax burden rate and amount of direct investment into the country Real deposit rate according to the analysis (Figure 8 ) does not affect GNI, which is connected, first of all, with low capacity of the financial sector, which has been de-veloping only since 1991 and is not directed at investment financing of the companies. In addition, the present regulatory policy does not sufficiently encourage the banks to bring interest on deposits into conformity with inflation level, as evidenced by the high variability of this indicator. The tax revenue share in the budget revenues (X3) in turn depends on the tax burden (X2), but the growth of this indicator also shows the development of business and the reduction of the shadow economy. Objectively (X3) also depends on the degree of centralization of value added distribution in the country. In Ukraine, as shown in Fig. 8, X3 is not accompanied by GNI growth, indicating the shortcomings of distribution mechanism and lack of effectiveness of the tax system. Thus the above research results allow, first, on the basis of the built neuro-fuzzy model, to evaluate the dependence of macroeconomic indicators, namely GDP per capita and gross national income per capita, on the indicators characterizing the economic situation of the country. Herewith this neuro-fuzzy model, unlike existing models, allows reproducing the complex nonlinear dependences.
Secondly, it is advisable to direct further research at determination of the hierarchy of factors and, on this basis, disclosure of economic events occurring in the country.
